Repression of alpha-fetoprotein gene expression under hypoxic conditions in human hepatoma cells: characterization of a negative hypoxia response element that mediates opposite effects of hypoxia inducible factor-1 and c-Myc.
Hypoxia is an important component of many pathological processes including cancerogenesis and cirrhosis. We have attempted to identify additional hepatic genes sensitive to hypoxia by postulating that genes with possible binding sites for hypoxia inducible factor-1 (HIF-1) are regulated by hypoxia. A computer analysis identified the oncodevelopmental alpha-fetoprotein gene (afp) as one of them. The amounts of both alpha-fetoprotein mRNA and protein were decreased under hypoxic conditions in HepG2 hepatoma cells. Stability of afp mRNA was not altered, and de novo synthesis of proteins was required. Transfection experiments in HepG2 cells showed that both hypoxia and overproduction of HIF-1alpha specifically repressed the transcriptional activity of the rat afp regulatory region through the sequence 5'-CACGTGGG-3' located at -3625 to -3619. Mutation in this sequence strongly impaired these repressions. Interestingly, this sequence was a functional stimulatory target for c-Myc, suggesting that c-Myc regulates afp gene expression. Lastly, the amounts of c-myc mRNA and protein were reduced when these cells were grown under hypoxic conditions. Taken together, these results suggest the existence of a possible competition between HIF-1 and c-Myc that could modulate the transcriptional activity of the afp gene in response to hypoxia.